ABSTRACT Sublethal doses of chlorßuazuron (LD 10 : 1.00 ng per larva or LD 30 : 3.75 ng per larva) topically applied on newly molted Þfth instars of Spodoptera litura (F.) signiÞcantly reduced ovarian weight and number of mature eggs in pupae and adults, compared with those of the controls. The ratios of fresh ovarian/fresh body weight, dry ovarian/fresh ovarian weight, and dry ovarian/fresh body weight were the same among controls, LD 10 , and LD 30 treated newly emerged adults. In treated adults, the germarium was signiÞcantly longer than the pedicle and vitelarium compared with those of the controls, whereas in controls the vitelarium was signiÞcantly longer than the germarium and pedicle. This indicates a delayed of maturation of ovarioles in treated cutworms. These doses also disrupt growth and development of oocytes by signiÞcantly affecting the size of basal oocytes and thickness of follicular epithelium. The maximum size of basal oocytes recorded on the day of adult emergence was signiÞcantly reduced in LD 10 or LD 30 treated females, compared with those of the controls. The thickness of the follicular epithelium of basal oocytes reached to a maximum in the controls on the eighth d and in treated females on the ninth d after pupation. In newly emerged treated adults, the protein content of ovaries was signiÞcantly reduced but the carbohydrate and lipid contents were not signiÞcantly affected, compared with those of the controls. The effects of chlorßuazuron on ovarian development and oogenesis are presumed to be responsible for the reduction in fecundity caused by sublethal exposure to chlorßuazuron.
IN MANY INSECTS , oviposition requires the development of the ovary, egg maturation, mating, and in some cases feeding of the female. Ovarian development, which includes oocytes growth and vitellogenesis, is known to be under hormonal control (Engelmann 1979) . Reproductive inhibition induced by benzoyl phenyl ureas (BPUs) has been reported most widely when applied on adults or eggs of insects (Holst 1974 , Fytizas 1976 , Wright and Spates 1976 . Reports of inhibition of reproduction when larvae were treated with BPUs are rare (Madore et al. 1983) . It has been reported that treatment of adult insects with dißubenzuron (DFB), a benzoyl phenyl urea, disrupt the secretion of adult cuticle in numerous insect species (Hunter and Vincent 1974, Ker 1977) , and the production of peritrophic membrane in Locusta migratoria (L.) (Clarke et al. 1977) and Tenebrio molitor L. (Soltani 1984 , Soltani et al. 1987 ). In addition, this compound may affect reproduction. Dißubenzuron applied to adult females caused a decrease in fecundity in Epilachna varivestis Muls and Leptinotarsa decemlineata Say (Holst 1974) and adversely affected egg viability in Stomoxys calcitrans (L.) and Musca domestica (L.) (Wright and Spates 1976) . Effects of DFB on fecundity resulted from treatment of adult females by contact or ingestion (Leuschner 1974 , Fytizas 1976 ). When DFB was fed to adult females of Oxya japonica Willemse, it retarded maturation of oocytes (Lim and Lee 1982) . In T. molitor, DFB reduced its longevity (Soltani et al. 1987) , the number of oocytes per ovary, the duration of oviposition period and the fecundity (Soltani 1984) .
Chlorßuazuron is a BPU chitin-synthesis inhibitor. Its effects on insect reproduction have rarely been studied. Higher dosages of chlorßuazuron when applied to newly molted Þfth instars had a devastating effect on the Spodoptera litura (F.) population by killing them during larval, pupal, and adult stages (unpublished data). In insect pest management, the purpose of research is to maintain the pest population below a level of economic loss. Topical application of sublethal doses of chlorßuazuron (LD 10 : 1.00 ng per larva or LD 30 : 3.75 ng per larva) on newly molted Þfth instars did not kill the whole population of S. litura but reduced it by affecting its reproduction, reducing signiÞcantly the fecundity, fertility, and hatchability of adults in laboratory conditions (unpublished data). Thus, this study was conducted to investigate the causes of the decrease in these parameters. To obtain more information, we applied sublethal doses (LD 10 : 1.00 ng per larva or LD 30 : 3.75 ng per larva) of chlorßuazuron topically on newly molted Þfth instars of the common cutworm S. litura and observed its effects during ovarian development and oogenesis.
Materials and Methods
Insects. Experiments were conducted on S. litura taken from the laboratory-stock cultures established from eggs obtained from Shionogi Pharmaceutical (Koga-Shiga-Pref., Japan) in 1996. The larvae were reared in the laboratory on an artiÞcial diet (Insecta LF, Nihon Nohsan-kohgyo, Kanagawa, Japan). The rearing conditions were 25 Ϯ 1ЊC, 50 Ð 60% RH, and a photoperiod of 16:8 (L:D) h. Adults were fed on a 10% sugar solution. The eggs laid on Rido cooking paper (Lion, Tokyo, Japan) were collected every third day and kept in 90-cc plastic cups (4 cm diameter, 4 cm high) in the same environment mentioned above.
Chemicals. Chlorßuazuron (99.9% purity) was obtained from Ishihara Sangyo Kaisha (Tokyo, Japan) and stored in the refrigerator at 4ЊC. It was diluted with acetone (analytical grade; Wako Pure Chemical Industries, Tokyo, Japan) to prepare different concentrations for experimental uses.
Application of Chlorfluazuron. The sublethal doses (LD 10 : 1.00 ng per larva or LD 30 : 3.75 ng per larva) of chlorßuazuron in 2 l of acetone solution were applied topically by a microsyringe (Ito, Fuji-City, Shizuoka, Japan) Þxed into a microapplicator (Kiya, Tokyo, Japan) on the third or fourth dorsal segment of newly molted Þfth instars. These LD 10 and LD 30 values were calculated based on the results of the toxicity data of larval tests at adult emergence (unpublished data). Test (treated with LD 10 or LD 30 ) and control (untreated) larvae were kept in a bioassay room, which is separated from the insect rearing room, and reared under the same method and environmental conditions as described above. Insects were sexed just after pupation. When they reached the appropriate stage, only female pupae and adults were collected for ovary dissection to observe the effects of sublethal doses of chlorßuazuron.
Ovary Measurement. To determine the effects of chlorßuazuron on the ovaries, control and treated batches of insects, collected from the Þfth day after pupation to the seventh day after adult emergence, were used, depending on the experiment requirements. Ovaries were dissected from these insects in RingerÕs solution under a binocular microscope (10ϫ magniÞcation: Nikon, Nippon Kogaku, Tokyo, Japan), and the lengths of pedicle, vitellarium, and germarium of each ovariole were measured. The number of mature oocytes in each of the ovarioles was also counted. The RingerÕs solution was removed, and the freshly dissected ovaries were placed in a small covered container that had been preweighed. The dissected ovaries were weighed on an analytical balance (AC-205, Sartorius Analytical, Tokyo, Japan) and kept in the same container in the oven for 24 h at 62 Ϯ 1ЊC for evaporation of water. The dried ovaries were reweighed.
Histology. The length and width of the basal oocytes and the thickness of the follicular epithelium were measured from the Þfth day after pupation to 0 d after adult emergence in control and treated insects. Oocyte measurements were made on three to four basal oocytes per pair of ovaries that were taken from 9 Ð10 insects. Measurements were made with a graduated slide under the phase contrast microscope at 400ϫ magniÞcation (BH 2 , Olympus, Tokyo, Japan). The size of basal oocytes was calculated by the formula used by Loeb et al. (1984) for the size of a prolate spheroid.
Size of the basal oocyte
where a is the radius of the long and b is the short dimension of the same oocyte. Thickness of the follicular epithelium of basal oocytes was observed by making a ParaÞlm microtomy conducted according to the protocol obtained from Wako Pure Chemical Industries. Basal oocytes were Þxed in CarnoyÕs solution for 3 h, washed in 70% ethanol for 2 h, and dehydrated in an alcohol series 70, 80, 90, and 95% and twice in 100%, followed by a benzene and ethanol solution (1:1), each for 30 min. Incubation was done three times at 60ЊC in benzene and parafÞn (1:1), and then in parafÞn only, each for 30 min. Five-m microtome sections were cut into a rolling ribbon. It was stained in xylene I (10 min), xylene II (5 min), followed by an ethanol series of 100, 90, 80, and 70%, each for 5 min, MayerÕs hematoxylin for 15 min, and washed under running water. Microtome sections were mounted in 1% eosin (10 min), distilled water (2 s), followed by an alcohol series 50, 70, 80, and 90%, and twice in 100% (each for 1Ð5 min), xylene and 100% ethanol (1:1; 5 min), xylene I (5 min), xylene II (5 min). Finally, the sections were embedded on microscopic graduated slide in a drop of Canada balsam. The microscopic graduated slide was covered with a glass cover slip. The thickness of follicular epithelium was measured under a phase contrast microscope at 400ϫ magniÞcation.
Analysis of Ovarian Constituents. Paired ovaries were collected from newly emerged adults in the control and treated batches, and analyzed individually as follows: Protein was extracted according to Le Bras and Echaubard (1977) . The ovaries were homogenized in aqueous trichloroacetic acid (TCA: 1.0 ml; 100 g/liter) and centrifuged at 5,000 ϫ g for 10 min at 4ЊC. The supernatant (1) was used for carbohydrate determination and the precipitate was washed with ether and chloroform (1.0 ml; 1:1 by volume) to remove lipids. After centrifugation as before, the supernatant (2) was used for lipid determination and the second pellet, thus obtained, was suspended in distilled water (1 ml) and the amount of protein was determined in an aliquot using the Coomassie blue method (Bradford 1976) at 595 nm with bovine serum albumin (Sigma, Tokyo, Japan) as a standard.
Carbohydrate content was determined by the anthrone method (Mokrasch 1954, Duchateau and Florkin 1959) as used previously for hemolymph carbohydrate determination (Soltani 1990 ). After ovarian extraction by TCA and centrifugation as before, an aliquot was taken from the supernatant (1) for car-bohydrate quantiÞcation at 625 nm using trehalose (Merck, Tokyo, Japan) as a standard.
Lipids were measured according to Goldsworthy et al. (1972) . After lipid extraction an aliquot (0.1 ml) of supernatant (2) was mixed with concentrated sulfuric acid (1 ml) and heated for 10 min at 100ЊC. After cooling, the aliquot was taken and mixed with a solution of 13 mM vanillin in 11.8 M phosphoric acid (Wako Pure Chemical Industries). Absorbances were measured at 545 nm in a microplate reader with a computer, using a standard lipid solution of cholesterol (Wako Pure Chemical Industries) containing 1 g/100 ml. Data on ovarian constituents were expressed as g per pair of ovaries and g/mg of ovaries.
Data Analysis. Data were analyzed by using analysis of variance (ANOVA at P Ͻ 0.0001) (Abacus Concepts 1989) and Scheffé Õs F-test (Scheffe 1953) at 5%.
Results
The sublethal doses of chlorßuazuron (LD 10 : 1.00 ng per larva or LD 30 :3.75 ng per larva) when applied to newly molted Þfth instars signiÞcantly reduced the body weight (F ϭ 138.8, df ϭ 2, P Ͻ 0.0001), fresh ovarian weight (F ϭ 24.2, df ϭ 2, P Ͻ 0.0001), and dry ovarian weight (F ϭ 35.3, df ϭ 2, P Ͻ 0.0001) in newly emerged adults compared with those of the controls (Table 1) . Between the treatments of the LD 10 and LD 30 , signiÞcant reduction was not observed in fresh body weight (P ϭ 0.0567), fresh ovarian weight (P ϭ 0.7788), and dry ovarian weight (P ϭ 0.5757). The ratios of fresh ovarian/fresh body weight (31%), dry ovarian/fresh ovarian weight (28%), and dry ovarian/ fresh body weight (9%) were not signiÞcantly different among the control, LD 10 , and LD 30 treated females.
Ovaries were small at the eighth day after pupation. From the eighth day to the Þrst day before adult emergence, ovarian weight increased slowly; after that it increased sharply until the day of adult emergence, and increased gradually until the second day after adult emergence when it was at a maximum. Then it gradually decreased until the seventh day after adult emergence in controls. The changes in fresh ovarian weight in LD 10 or LD 30 treated females were similar to those observed in the controls during various developmental days of pupae and adults. The fresh ovarian weight was signiÞcantly reduced (on eighth day after pupation: F ϭ 16.8, df ϭ 2, P Ͻ 0.0001; on ninth day after pupation: F ϭ 30.7, df ϭ 2, P Ͻ 0.0001; on Þrst day after adult emergence: F ϭ 10.6, df ϭ 2, P Ͻ 0.0003; on second day after adult emergence: F ϭ 15.4, df ϭ 2, P Ͻ 0.0001; on third day after adult emergence: F ϭ 18.6, df ϭ 2, P Ͻ 0.0001; on fourth day after adult emergence: F ϭ 22.3, df ϭ 2, P Ͻ 0.0001; on Þfth day after adult emergence: F ϭ 28.6, df ϭ 2, P Ͻ 0.0001; on sixth day after adult emergence: F ϭ 68.9, df ϭ 2, P Ͻ 0.0001; on seventh day after adult emergence: F ϭ 26.1 df ϭ 2, P Ͻ 0.0001) in the LD 10 or LD 30 treated females to that of the control, but signiÞcant reduction was not observed (P ϭ 0.0979 Ð 0.970) between the LD 10 or LD 30 treated females during these developmental days (Fig. 1) .
In newly emerged LD 10 or LD 30 treated adults, the total length of ovariole was signiÞcantly reduced (F ϭ 115.9, df ϭ 2, P Ͻ 0.0001) to that of the control, but signiÞcant reductions were not observed (P ϭ 0.0508) between LD 10 or LD 30 treatments. In treated insects, the germarium (immature oogonia) was signiÞcantly longer (F ϭ 133.1, df ϭ 2, P Ͻ 0.0001) than those of the pedicle (mature) and vitelarium (under developing oocytes) as compared with the controls in which vitelarium was signiÞcantly longer (F ϭ 282.3, df ϭ 2, P Ͻ 0.0001) than those of the germarium and pedicle (Table 2).
Mature ova were not observed in the pupae the second day before adult emergence, but a few mature ova were found at 1 d before adult emergence. The number of ova increased sharply until the Þrst day after adult emergence, and then increased gradually until the second day after adult emergence. The maximum number of mature ova was found on the second day after adult emergence. On the same day the num- ber of mature eggs was signiÞcantly reduced (F ϭ 255.5, df ϭ 2, P Ͻ 0.0001) in LD 10 or LD 30 treated females, but signiÞcant reduction was not observed (P ϭ 0.0984) between these treatments. From the second day to the seventh day after adult emergence, resorption of mature ova started gradually in the control, and the LD 10 or LD 30 treated females. The shape of the curves was similar in all three groups (Fig. 2) . In the controls, the basal oocytes were tiny on the Þfth day after pupation, but increased sharply until the eighth day, after which they increased slowly until adult emergence. The maximum size of basal oocytes recorded on the day of adult emergence was signiÞ-cantly reduced (F ϭ 12.6, df ϭ 2, P Ͻ 0.0002) in the LD 10 or LD 30 treated females, but no signiÞcant difference was observed (P ϭ 0.9976) between LD 10 or LD 30 treated females (Fig. 3) .
Thickness of the follicular epithelium of basal oocytes increased gradually and reached a maximum on the eighth day of pupation, after which it declined sharply. On the eighth day it was signiÞcantly reduced (F ϭ 9.4, df ϭ 2, P Ͻ 0.005) in LD 10 or LD 30 treated females, but no signiÞcant difference was observed (P ϭ 0.8686) between these treatments. The reduction was Ϸ34% in the LD 10 and 39% in the LD 30 treated females when compared with the untreated females. It reached a maximum in the LD 10 or LD 30 treated females on the ninth day after pupation, and then declined. On the ninth day it was thicker in treated females than in untreated females, but signiÞcant differences were not observed (F ϭ 0.3, df ϭ 2, P ϭ 0.7611) among the three groups (Fig. 4) .
Quantitative determination of constituents recorded in each pair of ovaries from newly emerged adult females showed that sublethal doses of chlorßuazuron signiÞcantly reduced the amount of protein (F ϭ 20.1 [calculated for g of protein/pair of ovaries]; F ϭ 21.2 [calculated for g of protein/mg of ovaries], df ϭ 2, P Ͻ 0.0001) in ovaries to that of the control, but no signiÞcant differences were observed In S. litura, the paired ovaries are composed of eight ovarioles. Four ovarioles are found on each side of the body cavity, forming several loops. Each ovarioles differentiated into three parts: (1) pedicle (fully matured eggs), (2) vitellarium (oocytes and trophocytes), (3) germanium (oogonia) (Etman and Hooper 1979) .
Data were analyzed by one-way ANOVA and ScheffeÕs F-test at 5%. Means within a column followed by different letters are signiÞcantly different (P Ͻ 0.0001).
a LD 10 , 1.00 ng/larva. LD 30 , 3.75 ng/larva.
(P ϭ 0.6385) between LD 10 and LD 30 treatments. The carbohydrate and lipid contents of ovaries were not signiÞcantly reduced (F ϭ 2.4, df ϭ 2, P Ͻ 0.0963 and F ϭ 2.9, df ϭ 2, P Ͻ 0.0611, respectively, when calculated for g of protein/pair of ovaries and g/mg of ovaries) by LD 10 , and LD 30 treatments (Table 3) , although in each case the values were smaller for the treated ovaries, compared with the controls.
Discussion
Topical application of sublethal doses of chlorßua-zuron (LD 10 : 1.00 ng per larva or LD 30 : 3.75 ng per larva) on newly molted Þfth instars had an effect on the reproduction of S. litura by reducing fecundity, fertility, and hatchability (unpublished data). Thus, this study was conducted to establish the causes of the reduction in these parameters. It was found that topical application of sublethal doses of chlorßuazuron had an affect on ovarian development and oogenesis by decreasing the weight of ovaries during postpupal and adult developmental days of LD 10 or LD 30 treated females. The basic factors responsible for the reduction in ovarian weight were reduction in the length of different parts of the ovarioles, decrease in the number of mature ova, reduction in the size of basal oocytes and thickness of their follicular epithelium, and reduction in protein content of ovarian constituents as compared with the controls.
In this study, topical application of sublethal doses of chlorßuazuron signiÞcantly reduced the ovarian weight to that of the controls in postpupal and adult developmental days ( Fig. 1; Table 1 ). The ratios of fresh ovarian/fresh body weight, dry ovarian/fresh ovarian weight, and dry ovarian/fresh body weight were the same among the newly emerged control, LD 10 or LD 30 treated females, indicating a reduction in the body, fresh, and dry ovarian weights with the same degree of reduction in treated females and controls. However, Soltani and Mazouni (1992) reported that 0.5 g DFB, when topically applied at pupal ecdysis to Cydia pomonella (L.), did not cause the ovarian weight to be signiÞcantly reduced (P Ͻ 0.05) between control and treated newly emerged adult females. Nor did Hatakoshi (1992) observe any signiÞcant reduction (P Ͻ 0.05) in the ovarian weight between control and treated last day of pupae to third day after adult emergence of S. litura, when 0.3 ng pyriproxyfen was topically applied at pupal ecdysis. The differences in results observed in these experiments may be related to the pesticides, the kind of insect used and their developmental stages.
Spodoptera litura has paired ovaries that branch into four polytrophic meroistic ovarioles located on the ventral side of the body cavity, making several loops of ovarioles, with all basal oocytes developing simultaneously. Each ovariole is differentiated into three portions according to the developmental stages of the oocytes: (1) the yellowish green pedicle, where fully matured ova are stored; (2) the reddish orange vitellarium, which contains the developing oocyte and trophocyte follicles which undergo accumulation of yolk proteins, and choriogenesis; and (3) the whitish germarium, which contains oogonia, from which germ cells proliferate and follicles are formed. Similar observations were reported by Riakhel and Dhadialla (1992) and Etman and Hooper (1979) , which were conÞrmed here.
As in other Lepidopterous species, the ovaries of S. litura start to differentiate, and develop at the pupal stage. Indeed, in controls, the thickness of follicular epithelium of basal oocyte reached its maximum size on the eighth day after pupation. This coincided with the start of follicular epithelium resorption. Histological examination on S. litura showed that topical ap- plication of sublethal doses of chlorßuazuron to newly molted Þfth-instar larvae affected growth and development of oocytes during pupal and adult stages by affecting size and thickness of follicular epithelium (Figs. 3 and 4) . However, in C. pomonella, (in controls) the basal oocytes reached their maximum size 7 d after pupation. In this insect, this coincided with the start of follicular epithelium resorption. Hence, a 0.5-g dose of DFB applied topically to newly molted pupae affected the growth and development of oocytes by causing a decrease in both the thickness of the follicular epithelium and size of basal oocytes during the pupal development (Soltani and Mazouni 1992) . Lim and Lee (1982) reported that 2-d-old adult females of O. japonica, starved for 6 h and consumed 500 g (AI). of DFB with two maize discs. The females were found to have retarded ovarian development, caused by a delay of oocytes development, and an increased percentage of oocytes resorption. This caused a decrease in fecundity and egg viability of the females. However, signiÞcant reduction was not observed either in the number of ovarioles or in the length of basal oocytes in treated insects. Differences in these results might be a result of the use of different BPUs. Also, the doses used by Lim and Lee (1982) were very high compared with those used in my study or in the Soltani and Mazouni (1992) experiments. In newly emerged treated adults, the germarium was much longer than the pedicle and vitelarium as compared with the controls in which the vitelarium was longer than the germarium and pedicle (Table 2) . This shows that maturation of oocytes was delayed in treated adult females as compared with the controls. The maximum thickness of the follicular epithelium of basal oocytes was observed on the 9 d after pupation in treated females, whereas it was on the 8 d after pupation in the controls (Fig. 4) . Subsequent to the eighth or ninth day, resorption of follicular epithelium started in control and treated females, respectively.
When ovarian maturation was scored, as depicted in Fig. 2 , a maximum number of matured oocytes were found in the second day after adult emergence in the controls. From this day, resorption of mature oocytes started. The chlorßuazuron-treated females showed the same pattern of mature oocyte resorption up to the seventh day after adult emergence as in the controls. However, Hatakoshi (1992) reported that when 0-d pupae of female S. litura were topically treated with pyriproxyfen (0.3 ng per pupa), few or no mature oocytes were found in newly emerged females, but controls had mature oocytes with one occasionally being resorbed.
The maturation of insect eggs is dependent, among other factors, on the materials taken up from the surrounding hemolymph (Telfer et al. 1981) , and by materials synthesized by the ovary in situ (Indrasith et al. 1988) . These materials include proteins, lipids, and carbohydrates, all of which are required for the embryogenesis (Kunkel and Nordin 1985, Kanost et al. 1990 ). In the current research, the signiÞcant decrease in ovarian protein content in chlorßuazuron-treated females was reported (Table 3) . Dißubenzuron also caused a decrease in ovarian protein content in C. pomonella (Soltani and Mazouni 1992) . Decrease in the ovarian protein content suggests an interference of BPUs with vitellogenesis. In the current results, the decrease in ovarian protein content in chlorßuazuron-treated females was presumed to have several causes, such as the lack of protein in the ovarioles or interference of chlorßuazuron with the mechanism controlling yolk deposition. It has been reported that DFB could affect ecdysteroid secretion from other organs, such as the epidermis, in T. molitor (Soltani 1984) , ovaries in C. pomonella (Soltani et al. 1989 (Soltani et al. a, 1989b , and the concentration of hemolymph constituents in T. molitor (Soltani 1990) . Future studies should clarify the biochemical mechanism causing a decrease in protein content in ovaries.
Moreover, this work dose not clarify why signiÞcant differences were not observed (P Ͼ 0.0001) between effects of LD 10 (1.00 ng per larva) and LD 30 (3.75 ng per larva) treated females, although LD 30 dose was much higher than LD 10 dose. Further studies are needed to obtain more knowledge about the effects of chlorßuazuron on oogenesis. I am currently exploring the biochemical mechanism involved.
